In existing research on the importance of student breakfast, few studies have focused on the impact of breakfast on student cognitive development. Further, empirical research in this field is mostly based correlation analysis, in which it is difficult to control the influence of selection bias on the analysis results.
Background
Adequate intake of healthy, nutritious food is a key factor in the physical and mental development of children. Children receiving better nutrition have better physical and mental development compared to those who are malnourished [1] [2] [3] . For example, a systematic review done by the International Initiative for Impact Evaluation (3iE) analyzed Latin America, the Caribbean, sub-Saharan Africa, East Asia, and South Asia and found that school feeding programs implemented in lowand middle-income areas increase student learning outcomes and educational opportunities. The results show that improving the nutrition of students through a school meal plan can improve student participation and learning, thereby positively affecting students [4] . The United States (US) enacted the Child Nutrition Act in 1966, and subsequently established federal welfare programs such as the School Breakfast Program (SBP) and the National School Lunch Program (NSLP). Compared to the lunch program, the US breakfast program provides greater nutritional benefits for lower-income families and to a greater percentage of students [5, 6] . Bhattacharya et al. found that students in the SBP did not consume more breakfast, but had higher fiber, potassium, and iron intake, higher levels of vitamins C, E, and folic acid, and had lower fat intake. The intake of calories for students in the SBP brings daily nutrient intake more in line with health standards, which in turn improves the overall nutritional quality of the students' diet [7] . Frisvold used a difference-in-difference and regression discontinuity design to estimate the impact of SBP on student achievement, and found that SBP significantly improved students' mathematics scores [8] .
These studies show that breakfast affects not only children's nutritional status, but also students' cognitive development. Several possible reasons for this exist. First, adequate nutrition can reduce the risk of children suffering from malnutrition, improve student attendance, and improve the length and effectiveness of students' learning time [9] . Second, breakfast has a short-term positive impact on children's memory, attention, and information processing [10] . Thus, students who regularly eat breakfast are in a better state for learning in the morning than those who do not eat breakfast or who have it only irregularly. A recent systematic review based on 39 studies found that, in addition to the frequency of eating breakfast, the content of breakfast affects students' cognitive ability and learning behavior in the morning. Breakfast foods that do not create high blood glucose levels after the meal are better at improving students' intellectual performance [11] . Third, breakfast may be more effective in improving children's cognitive performance than are other family interventions. Hau found that eating breakfast had a greater effect on Hong Kong student performance than did learning methods, motivation, self-confidence, parental education, or family income [12] . Similar studies have shown that compensating low-income families for breakfast costs is equivalent to increasing the income of these families, and that while the cost is not high, it effectively improves students' math and reading scores [13, 14] .
In contrast, some experimental studies indicate that the effect of eating breakfast on the level of cognitive development, as demonstrated by students' academic performance, is uncertain. Researchers evaluating the effectiveness of the New York City Free Breakfast Program found little evidence that the policy improved student academic performance [15] . Experimental and quasi-experimental studies in developing countries, such as Jamaica and Chile, gave similar results. Experimental groups that consumed more calories at breakfast did not show better academic performance than those in a control group [16, 17] . These are well-designed experimental studies, and thus are more reliable and valid for the assessment of a causal relationship between eating breakfast and student achievement. The conflicting results of the published literature suggest that more rigorous research is needed to elucidate the relationship between eating breakfast and student cognitive development.
To date, research on eating breakfast has focused mainly on the impact of breakfast on students' nutritional and physical health. Research on the impact of breakfast on students' cognitive development is still lacking; this is especially true in China. In the few studies on the relationship between breakfast and student cognitive development, sample sizes were small and lacked appropriate representation. In addition, most studies could only show a correlation between variables, as opposed to a causal relationship. As the influence of confounding variables was not controlled, the regression coefficient estimation is suspect.
Here, we used ordinary least-squares (OLS) regression and propensity score matching on large-scale survey data to address the following questions: Does having breakfast affect students' cognitive development? How large is this effect after strict control of the relevant variables? We sought to provide more robust evidence for the relationship between breakfast and cognitive development through improvements in data and methods. Such evidence is not only beneficial for improving family education strategies, but also helps parents adopt more effective measures to improve academic performance in their children. At the same time, it provides a scientific basis on which schools and governments can modify allocation of educational resources to maximize the nutritional status and academic performance of students.
Material and Methods

Analysis method
For the purposes of this study, we used students' grades as the explained variables. In general, cognitive ability refers to the ability of the human brain to process information, and then understand and explore the general principles involved [18] . Based on this, many cognitive aptitude tests use language ability, computational ability, speed and spatial perception ability, and reasoning ability as the main dimensions [19] to measure a student's cognitive level in a subject. However, because such tests are more complicated and difficult to implement, researchers generally use well-designed standardized test scores as a proxy variable for students' cognitive development level. In the existing research on the relationship between eating breakfast and cognitive development in students, the majority of studies used student scores to scale the level of cognitive development [20, 21] . In some early studies in China, because it was difficult to obtain large-scale and comparable student achievement data, the relevant research was either a small-scale investigation or omitted study of the relationship between breakfast and performance [22, 23] . The present study used the academic quality monitoring data of basic education students in Jiangsu Province to solve this problem. The student's academic performance data is not only large in size and wide in scope, it is also highly reliable and authoritative, and appropriately represents the level of cognitive development in students.
Whether students eat breakfast is the main independent variable of this study. In order to more carefully describe the student's breakfast behavior, we further considered the frequency of eating breakfast, with the number of days of eating breakfast set as an independent variable. The student's family background, personal characteristics, and school characteristics were controlled using a measurement model constructed to analyze the relationship between eating breakfast and student achievement. We first used a multiple linear regression model to analyze the relationship between the above independent variables and dependent variables. Type of school area Divided into rural, county, urban, dummy variables, "rural" as a control group Table 1 . Variable setting description.
1. The socioeconomic status of the students' families was calculated as follows: First, the education level of the parents is calculated according to the education information of the parents in the questionnaire, and the family economic status is calculated by the household facilities and durable consumer goods data in the questionnaire. The relevant literature is assigned [28, 29] . Second, the original data is normalized, and the calculation method is: K i =(X i -X min )/(X max -X min ) where K is an index The standard value, X, is the original value of the indicator, X min is the minimum value of the indicator, X max is the maximum value of the indicator, i represents each sample, and the principal component method is used to weight each indicator to obtain the weight, w i , and INDEX=S n i=1 w i k i calculate the family background score for each sample, and multiply the calculated result by 100 to convert to value between 0 and 100. 2. Jiangsu Province is a province with relatively large internal differences. From an economic and cultural perspective, people are used to dividing Jiangsu into 3 regions: Northern Jiangsu, Central Jiangsu, and Southern Jiangsu. In order to control the socioeconomic background of the school's region, we divided the school's area into 3 regions: Northern Jiangsu, Central Jiangsu, and Southern Jiangsu.
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difficult to infer the causal relationships among them. At the same time, with traditional regression analysis, it is difficult to rule out the impact of data selection bias and confounding variables on the analysis results. In response to this, we used propensity score matching (PSM) to further analyze the impact of students eating breakfast on cognitive development. PSM was first proposed by Rosenbaum and Rubin in 1983 [24, 25] . Given the theoretical basis of the counterfactual framework, this method better solves the problem of selectivity bias in the process of observational data analysis. As a result, it has quickly developed into a commonly used method for causal effect estimation, and is widely used in the fields of medicine, public health, and education.
Data source and processing
Data were derived from the academic quality monitoring data of basic education students in Jiangsu Province in 2018. Jiangsu Province began to establish a quality education system for basic education students in 2006. This monitoring tests the academic level of students in the third and eighth grades every 2 years. In addition to test scores, student, teacher, and principal questionnaires are simultaneously distributed, and a twostage stratified sampling method is used to collect data related to student studies. Relevant testing and investigation tools are designed and revised by a team of authoritative experts to provide good reliability and validity.
Using student test papers and questionnaires, corresponding indicator data were selected; student records with missing data were omitted from the analysis. Data collected included 56 238 elementary school (third grade) students and 91 543 middle school (eighth grade) students. Variable setting description is specified in Table 1 and descriptive statistical results of the variables in elementary and middle schools are provided in Table 2 . Table 2 reveals that even in a region with a relatively developed social economy such as Jiangsu Province, there is still a high proportion of students who do not eat breakfast. About 10.4% of elementary students skip breakfast at least 1 day per week, and for the middle school students this proportion is as high as 28.9%. In the relatively prosperous eastern provinces of China such as Jiangsu, very few students skip breakfast because of poverty. Thus, the statistical results show that both parents and students still need to pay more attention to eating breakfast.
Results
OLS regression results of breakfast and student achievement
According to the above research design, we set student scores as the dependent variable and established 4 OLS regression models to examine the relationship between breakfast and cognitive development. Model 1 uses the number of breakfasts eaten per week, or frequency of breakfast eating. Model 2 adds possible confounding variables such as family background, student characteristics, and school characteristics to model 1. Model 3 looks at the effect of not eating breakfast to examine the effects of irregular breakfast eating. Model 4 adds variables such as family background, student characteristics, and school characteristics to model 3. We used the 4 models for regression because we wanted to describe the 
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relationship between breakfast and cognitive development in more detail. Model 1 and model 3 describe the separate effects of 2 independent variables -breakfast frequency and skipping breakfast, respectively -on students' academic performance without controlling for related variables. Model 2 and model 4 investigated the influence of eating breakfast on students' academic performance when relevant variables are controlled. This approach is very common in the social science research. Its advantage is that it explains the independent influence of core explanatory variables and also describes the factors that affect dependent variables in a more comprehensive way under the control of relevant variables. Using these 4 models, the elementary and middle school samples were regressed separately. No multicollinearity was present in the models, but the White test results indicated data were heteroscedastic, so the robust standard error was used to eliminate the effect of heteroscedasticity, and the regression results are shown in Table 3 .
Eating breakfast has a significant impact on the cognitive development of students ( Table 3) . As the frequency of eating breakfast during the week increased, the student's academic performance also increased significantly. Regression coefficient analysis indicated that every increase in the frequency of eating breakfast within a week improved students' scores by 12-17 points. Students who ate no breakfast during the week had significantly lower academic performance -32 to 38 points lower -than those who ate breakfast every day. These results indicate that eating or nor eating breakfast has important positive and negative effects on cognitive development of students.
Consistent with the conclusions of many previous studies, family background has a significant positive impact on student cognitive development [26, 27] . Compared to children with siblings, an only child has a clear cognitive advantage; this may be related to the fact that an only child can have more family Table 3 . OLS regression results (dependent variable: cognitive development).
The value of t in parentheses; *** , ** , and * Indicate the levels of significance of 1%, 5%, and 10%, respectively.
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resources. In terms of gender differences, in both elementary school and middle school, the cognitive development level boys is lower than that of girls. The present study verifies the problem of China's "boys' academic crisis" noted in previous research [30, 31] . In terms of school characteristics, the cognitive development of elementary school students in urban schools is significantly better than that in rural schools; however, the disparity in cognitive development of students in county and town schools differs between primary and middle schools. Compared to rural schools, the cognitive level of elementary school students in urban areas is lower but it is higher in middle schools. Finally, students in central and southern Jiangsu have higher levels of cognition than those in northern Jiangsu.
Breakfast effects: PSM regression results
After clarifying the significant correlation between students' breakfast behavior and cognitive development, we sought to further explore the possible causal relationship between eating breakfast and cognitive development. We especially wished to explore whether students with irregular breakfast habits would have relatively lower cognitive development. In general, experimental research is an effective means of revealing causality. However, for ethical reasons, we are unable to conduct randomized experiments on students for "not eating breakfast." In the natural state, interactive effects between the student family background and other groups may lead to biased estimation results in OLS regression. Thus, we used the PSM method to address this problem.
We first constructed a logit regression model to calculate a propensity score based on whether the students had eaten breakfast, and including other confounding factors such as student gender, family socioeconomic background, school area, and region type as independent variables. We then used the tendency score indicator instead of assigning an imbalanced number of variables between the experimental group (students who skip breakfast at least 1 day a week) and the control group (students who eat breakfast every day), and matched the students with similar propensity scores between groups. In theory, the selection of the 2 groups of students thereby occurs after the exclusion of the selection bias. It can be considered random grouping, and the confounding factors are balanced across the groups. The only difference between the 2 groups -eating breakfast every day vs. not eating breakfast at least 1 day a week -can thus be considered as the cause of the difference in the level of cognitive development of students.
Calculating propensity score
Using logit regression, the treatment factor (skipping breakfast) was used as the dependent variable, and the propensity score was calculated as an independent variable with factors such as student family background, student personal characteristics, and school characteristics, which can affect the outcome variable (student achievement), included. Regression results are shown in Table 4 . Most of the relevant influencing factors were highly statistically significant, revealing that there is a selection bias in terms of those students who do not eat breakfast. This confirms that PSM is needed to correct for this bias.
Common support and balancing test
Data matching involves a trade-off between precision and skewness. To avoid the error of different estimation methods and generate more stable results, we used radius matching and kernel matching methods to match the student data [32] [33] [34] . For PSM analysis, matching must also satisfy the common support assumption and the balancing assumption to ensure the matching quality [35, 36] .
Common support test
A common range of values between the treatment group and the control group is required for the implementation of PSM analysis. Generally, a bar chart can be drawn to observe the common value range of the propensity score matching. Figures 1 and 2 show that there was a clear common value range for the data of the treatment group (skipping breakfast) and the control group (having breakfast every day), thus satisfying the assumption of a common support domain.
Balancing test
Referring to the calculation process of Caliendo et al. [32] , we tested the balancing of data in 3 ways: 1) comparison of the standard deviation before and after the matching between the treatment group and the control group; 2) comparison of matching variables between the control and experimental groups, before and after matching by t test; and 3) a joint significance test. Since the results of all 3 methods were similar, we reported only the results of the 2 nuclear matching tests (Tables 5-8 ). The test results indicate that, after matching, no significant differences were present in the variables of the primary and secondary samples, and both passed the joint significance test. This suggests that pre-treatment heterogeneity had been eliminated and verified the data balance.
Effect of not eating breakfast on the cognitive development of students
Using radius matching and kernel matching methods, we estimated how student cognitive development is affected by not eat breakfast. In both elementary school students and middle school students, not eating breakfast every day has an adverse impact on cognitive development. The average treatment effect (ATT) of the elementary school sample was -31.322, meaning the academic score of the treatment group who skip breakfast is 31.222 points lower than in the control group who have breakfast every day. The average treatment effect in middle school was 31.334, indicating that skipping breakfast leads middle school students to have a cognitive score 31.334 points lower than those who ate breakfast every day. The specific analysis results are shown in Tables 9 and 10 .
Although PSM is used to avoid selection bias, it is never possible to consider all hidden biases that may affect results.
To evaluate the sensitivity of results to hidden bias, we estimated the range of possible values (i.e., gamma coefficients) attributable to hidden bias. The gamma coefficient of the primary and middle school samples in this study was between 2.0 and 2.1. According to Lin et al. [37] and Rosenbaum and Rubin [24] , when the gamma coefficient is very large (generally close to 2), the analysis conclusions are robust. Therefore, the conclusions of this study are reliable.
Discussion
Eating breakfast is an important variable that affects students' cognitive development. Good breakfast habits help improve students' cognitive development. However, research on 
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the relationship between eating breakfast and student cognitive development in mainland China is insufficient. Given that China is a developing country with a large population, strengthening the study of Chinese samples will provide representative empirical evidence from China for other countries, especially developing countries, around the world. Therefore, this study is very meaningful to exploring more diverse and effective ways to promote students' cognitive development. Meanwhile, compared with previous studies, the data of this study have the advantages of better sampling methods, large volume, and wide coverage. At the same time, to solve selection bias and causal inference problems that traditional analytical techniques cannot address, this study used the PSM method and a robustness test to ensure the accuracy of the conclusions. To be more specific, through the analysis in this study, the results of OLS and PSM were presented: the ATT of the PSM analysis was slightly smaller than the coefficient of the OLS regression (absolute value), indicating that the OLS overestimated the effect of not eating breakfast on academic performance. Regardless, it is clear that regularly eating breakfast helps students improve their performance; without eating breakfast, students are at a disadvantage. This conclusion is consistent with the research conclusions of Xu et al. [38] and Fang [39] . Because our study used the PSM method to control selection bias and confounding variables, the conclusion is more robust. Compared to other interventions, such as tutoring, 
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breakfast is undoubtedly cheaper and easier to implement. The significance of this study's results is that they provide a strategic choice by which parents can improve their children's nutritional status and thus their children's performance, with low input and high efficacy. This is especially meaningful for disadvantaged families. Compared with the cost of tutoring classes, Kleiman-Weiner et al. found, using randomized experiments, that chewable vitamins, costing only 0.4 CNY per day, increased mathematics scores for students in poor areas [40] .
Eating breakfast every day is a universally recognized part of a healthy lifestyle. For children and young children who are in a stage of rapid growth of mind and body, eating a sufficient, regular, and nutritious breakfast is especially important for physical and mental development. However, most students do not eat breakfast every day [41, 42] , as was found in the present study. Jiangsu is a province with a relatively well-developed social economy; therefore, no shortage of breakfast due to poverty is expected. Even so, many students did not have breakfast every day. In middle school, nearly 30% of students have irregular eating behavior. We speculate that this may be related to reasons such as students' lack of sleep and thus lack of time for breakfast, and the fact that adolescent students deliberately do not eat breakfast due to lack of physical control [43] . Regardless, families and schools need to pay more attention to the issue of student breakfast, especially for middle school students. 
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Students' skipping breakfast is due to many factors. Our results (Table 4) show that the better the family background, the less likely it is that students do not eat breakfast, especially if the student is an only child. Gender differences also occur: elementary school boys have a higher probability of not eating breakfast, but in middle school, girls are more likely to not eat breakfast. Students living in urban and rural areas also differ, and regional variables have an impact on students' behavior of not eating breakfast. This result reminds us that students miss breakfast due to complex reasons. In particular, because family background has a significant effect on the student's breakfast behavior, more attention must be paid to children of poor families during the breakfast intervention, so that they can better form the habit of regularly eating breakfast and obtain adequate nutritional support for physical and mental development. A limitation of this study is that we could not analyze the impact of breakfast food composition on performance due to lack of available data. More comprehensive research data in the future is thus needed.
Conclusions
Based on the analysis of large-scale academic monitoring data in Jiangsu Province, China, the most important conclusions of this paper are as follows: breakfast has a very positive effect on students' cognitive development. In primary school, students who eat breakfast every day in a week scored 31.322 points higher in academic performance than those who did not eat breakfast every day. In middle school, students who had breakfast every day had significantly better academic performance 31.335 points higher than those who did not regularly eat breakfast (Tables 9, 10 ). The results also show that skipping breakfast is still widespread among elementary and middle school students. This means that both the government and the family need to do more to make each student develop a good breakfast-eating habit and get better nutritional benefits to promote their cognitive development. 
